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middling particles due to the gravity effect in the cyelone.
The same size fraction in successive stages of coucentra-
tion, i.e., in the hydroclassifier underflow and in the fnisher
magnetic separator concentrate, shows an increase in the
ratio of middlings to free magnetite, The final concentrate
contains 23,7 free magnetite and  69.97  middling-type
particles. The next smaller size fraction at 2047270 mesh
shows much the same distribution ( Figure 3:. This size
fraction of the cobber concentrate comes into the plant con-
taining 58.07 free magnetite with 37.8% middhags and in
the final concentrates consists of 24,87 free magnetite and
68.0¢c middling particles. Again the ratio of free magnetite
to middlings is esseutially reversed in the process.

The same trends are observed in all of the coarser size
fractions and are, as expected, more acventuated in the rela-
tively coarse size ranges and essentially disappear in- the
fine sizes ut 300 mesh. The problem is illustrated in the

FIGURE 4. Photomicrographs illustrating the relative abundance -

of middlings in the 150/200-mesh fraction of the cobber con-
centrate 4o/ and of the final concentrate 14b). These prod-
ucts were obtained from a plant treating a taconite that
has relatively good liberation characteristics -

FIGURE 5. Photomicrographs illustrating the relative abundance
of middlings in the 270 325-mesh traction of the cobber con-
centrate '5a) and in the final concentrate (5bi. These prod-
ucts were obtained from a plant treating a taconite that has
relatively poor liberation characteristics. Figure Sa shows that
a substontial percentage of the 270 325-mesh traction of the
cobber concentrate had been liberated

photomicrographs of Figures 4 und 5 which compare exam-
ples of the cobber concentrate as it comes into the grinding
circuit with equivalent size fractions in the corresponding
final plant concentrate. The relative increase in the per-
centage of middlings is clearly illustrated.

Prdblems To Be Solved

The first problem is whether this increase in middlings
represents a real gain in the absclute percentage of midd-
lings as it goes through the process or whether it is merely
developed by the selective comminution of the free mag-
netite. The second problem is whether the middlings pro-
duced in this manner are normal middlings that represent
the inherent mineral distribution in the ore or whether they
are a type of middling synthesized in the process itself.

Grinding Analysis

Some insight into this problem can be obtained by tak-
ing a sample of rod mill cobber concentrates, batch grinding
it to 90% minus 325-mesh, and comparing the plus 325-mesh
material produced by this means with that found in the
corresponding plant concentrate at an equivalent grind. The
plus 325-mesh material produced by batch grinding followed
by magnetic concentration contains 64.4% iron (Table 1),
whereas this same size fraction from the plant concentrates
contains only 45.7% iron. There is also a corresponding in-
crease in the percentage of middlings in the plus 325-mesh
size fractions of the plant concentrates. The grain counts
show only 33.1% middling particles in the batch-ground
rod mill cobber concentrate compared with 53.4% in the
plant concentrates, By using these data and by making some
assumptions as to the specific gravity of the magnetite and
gangue based on their iron content, it is possible to calcu-

TABLE 1. Grain Count Data

Cobbher Concentrate (4325 Mesh)

Wit Fe Magnetite  Middlings  Cangue
Mesh o = "» " “
—150 0.7 53.4 64.8 318 34
-200 1.5 60.5 33.4 4.4 2.2
=270 4.2 64.9 58.0 17.8 4.2
~325 3.6 67.5 7.9 23.1 2.0
Total +325 .. 10.0 64.4 63.9 33.1 3.0

Final Concentrate (=325 Mesh) .

Wt Fe Magnetite  Middlings Gangue
Mesh LA . o i’ bt
~150 0.7 39.7 40.4 53.0 : 6.1
200 1.5 30.6 23.7 69.9 6.4
+270 4.2 419 24.8 68.0 72
~325 3.8 37.7 66.9 29.5 3.6
Total +325 . 100 45.7 40.9 334 57

Results of grain counts on the plus 325-mesh fractions of the
final cuncentrate and on the plus 325-mesh fractions of the corres-
ponding cobber concentrate yround to 90 minus 325 mesh. The
data show a superabundance of middlings in corresponding size
fractions of the final concentrate,
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late the average iron content of the middlings produced in
euch case. The middlings produced in the batch-ground rod
mill cobber concentrates (Table 2) are calculated to con-
tain 55.0% iron and 18.2% silica. The middlings in the cor-
responding plant concentrates contain only 20.0% iron and
58.9% silica. These calculated middling analyses are rela-
tive values, rather than absolute, but there is a clear indica-
tion that the type of middling produced in the plant con-
centrate is much lower in iron than that produced by batch
grinding of rod mill cobber concentrate. The distribution of
the silica in the plus 325-mesh fraction (Table 2) shows
0.5 to 0.8 silica units tied up in the middling particles in
the batch-ground material, whereas in the plant concen-
trates from the corresponding ore, 2.6 of 3.0 silica units
are associated with middlings. The fact that almost five

times as much silica is associated with plus 325-mesh midd-

lings produced in the normal plant concentrates, as might
be anticipated from looking at the crude ore as it comes
into the plant, lends some credence to the contention that
some of the middling problems are inherent in the process.

TABLE 2. Distribution of Fe and SiO:

Cobber Concentrate (4325 Mesh)

SiO: SiO:
Wt Fe % SiO: Dist % Units
Magnetite ... 69.4 70.0 2.0 17.1 0.1
Middlings ... 28.6 55.0 18.2 63.4 0.5
Gangue ... 2.0 8.0 80.0 19.5 . 02
100.0 64.4 8.2 100.0
Final Concentrate (4325 Mesh)
’ SiO2 SiOz
Wt o Fe % SiO: Dist % Units
Magnetite ... 52.8 70.0 2.0 3.5 0.1
Middlings .. 43.1 20.0 58.9 84.7 2.6
Gangue ...ce.... 4.4 8.0 80.0 118 0.3
100.0 45.7 30.0 100.0

The data from Table 1 have been used to calculate the ap-

- proximate iron content of the middlings in the plus 325-mesh frac-

tions of the final concentrate and of the cobber concentrate, The cal-

culations show that the middlings in the final concentrate are much
lower in iron than the middlings in the cobber concentrate,

Ball Mill-Cyclone Product Analysis

1f middlings are synthesized in the process then the
critical steps will involve the cyclone-ball mill closed circuit,
because this stage determines what type of material goes
on to the final concentrating steps. The grain count data,
combined with the screen analyses, were used to work out
a particle balance around the cyclone. The data show that
relative recovery of magnetite and middlings in the cyclone
overflow is a function of particle size. In the 325/500-mesh
size fraction over 50% of both the free magnetite and midd-
lings coming into the cyclone appear in the overflow. In the
progressively coarser fractions the recovery of free magnetite
drops off rapidly and in the 200/270-mesh size fraction re-
covery is less than 5%. Recovery of middlings in the over-
flow follows a parallel course but does not decrease as rap-

-
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FIGLRE 6. Graph showing the recoveries of magnetite and midd-
iings in the cyclone overflow as o function of size. The re-
coveries were calculated from screen anolyses ond grain
count datc on the feed, the cyclone overflow, and the cyclone
underfiow

idly as magnetite recovery and is greater in all size ranges
(Figure 6).

A schematic representation of what happens to the 200/
270-mesh size fraction is presented in Figure 7. The feed
contains 63.8% free magnetite and 33.3% middling parti-
cles; 2.4% of the free magnetite is recovered in the cyclone
overflow; and 6.6% of the middlings are recovered in the
cyclone overflow. The total weight recovery is about 5.0%
in this size fraction. The particle balance obtained on this
size fraction does not coincide with what would be ex-
pected to appear in the overflow of the cyclone because the
middling recovery is much too low compared to the mag-
netite recovery. The reason the middling recovery should
have been higher is shown schematically in Figure 8.

The basis for separation of a given size fraction in the
cyclone is specific gravity. To obtain free magnetite in the
overfiow the cvclone should make a separation based on an
apparent specific gravity as shown, however, this implies

CYCLONE FEED

GANGUE
MIDDLINGS (33.3 %) {2.9%)

MAGNETITE (63.8)

CYCLONE
OVERFLOW

CYCLONE UNDERFLOW

FIGURE 7. The weight recovery in the 200/270-mesh fraction of
the cyclone overflow ond the relative recovery of free mog-
netite, middlings and gongue are shown schematically in this
figure, The relative recovery of the middlings is too fow for
the observed magnetite recovery
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APPARENT CYCLONE SEPARATION GRAVITY

! ' i OVERFLOW
MAGNETITE ! : MiDDLING GANGUE
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FIGURE 8. This figure illustrates that, with any given siz« fraction,
the basis for separation should be a function of t:e specific
gravity, and that when free magnetite appears ir the over-
fizw, the recovery of middlings should be much higher than
actually calculated from the grain counts

that a very high percentage of the middling particles as-
sociated with free magnetite should appear in the overflow,
taken literally it means that some 20 to 30% of the middlings
should be recovered with 5% of the free magnetite. This
does not coincide with the balance calculated on the basis
of the petrographic study which shows much lower middling
recovery. A similar situation is observed in the other plus
325-mesh size fractions.

Explanation of Results

Attempts to explain these observations from a theoretical
viewpoint encounter some difficulties. It is logical to expect
that the cyclone feed carries a complete suite of particle
types ranging from high specific gravity free magnetite par-
ticles through progressively lighter middling particles which
contain lower percentages of magnetite all the way to free
gangue particles. Therefore, there should be a progressive
increase in the relative probability that the lower-gravity
particles will appear in the cyclone overflow. If a single size
fraction is considered, and if all other factors, such as sur-
face irregularities, shape, and porosity, are equalized, the
principal factor affecting the probability that a given particle
will appear in the cyclone overflow is specific gravity.

In a simplified approximation it is possible to relate the
probability that a particle will appear in the cyclone over-
How to its settling velocity, or its acceleration in the carrier
medium by one of the expressions below:

Stokes: V = K(d. — d,)D* =V=(d.—dp)?

Rittenger: V=C[D (de —dy)]} P=V = (d.—d,)?

Fontein' S=1l2¢ (d.—d,) ¢t Pa=Sa(d—d)"

d, : d,

The fact that these expressions on the left simplify into the
expressions on the right indicates that the probability for a
particle of given size to appear in the overflow is primarily
a function of the specific gravity of both the particle and the
carrier medium. Using these formulas, the relative proba-
bility that a given type of middling particle will appear in
the overflow is shown in Figure 9. The two Hatter curves
are calculated from Stokes’ and Rittenger's assumptions.
The curves with the sharp inflection points were calculated
using the expression from Fontein, It is not possible to apply
any of these relative probabilitics directly to the cyclone
feed and satisfy the requirements for magnetite and midd-
ling recovery and maintain the ratio of magnetite to midd-
lings observed in the cyclone overHow. It is possible to
obtain the observed recovery, or obtain the observed ratio

1 88555

70%Fe 60%Fe 50%Fe 35%Fs -IS%Fe

0.8
0.6

04

RELATIVE PROBABILITY

0.2

SPECIFIC GRAVITY

FIGURE 9. Graph showing the relative probability that o particle
of a given specific gravity will appear in the overflow, based
on the assumption exploined in the text. The calculoted
probabilities do not explain the abserved recoveries of mag-
netite and of middlings in the cyclone overflow

of magnetite to middlings, but not simultaneously. This
leads to consideration that perhaps the separation of a given
size fraction in the cyclone is a combination of more than
one factor and not just a matter of its relative specific
gravity. It is proposed that a given size fraction of cyclone
feed vields two types of samples in the overflow: (1) a
“random” sample consisting of a statistical sampling of the
feed coming into the cvclone, something normally asso-
ciated with short circuiting, and (2) a “design” sample con-
sisting of particles that belong in the overflow because of
their specific gravity. This concept is illustrated in Figure
10 where the 200/270-mesh cvclone feed is represented
schematicully by the shaded circles to indicate the free
magnetite and middling particles.
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FIGURE 10. This Figure illustrates schematically how it is possible
to consider that the cyclone overflow is composed of two
elements: o “random” sample of the feed that appears be-
cause of short circuiting and o “‘design”’ sample representing
truly-classified middling particies
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It is evident that it is possible to account for both mag-
netite and middling recovery and at the same time to main-
tain the proper middling to free magnetite ratio by varyving
the percentages of the “random” sumple and the “design”
sample components. On this basis it is then possible to modi-

fy the relative probability shown earlier in Figure 9, and -

to add a “random” sample component as shown in Figure
11. This results in a combined probability for cach type of
particle that will account for both the observed recovery,
and the observed ratio of free magnetite to middling in the
final overow product. The preceding observations will ap-
ply to the adjacent size fractions but the relative percentage
of “random” and “design” middlings will vary. The esti-

5.0 45 40 35 30
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FIGURE 11. Adjusting the relative percentages of the “random”
sample and of the “design” sample in the cyclone overflow
makes it possible to determine the relative probability that o
particle which has o given specific gravity and which fulfills
the requirements for both observed abundance and relative
recovery will appear in the cyclone overflow

mated relative percentage of a “design” sample and of
“yandom” sample for each size fraction calculated from
the grain count data is shown in Figure 12. The curves
show that the 325/500-mesh size fraction is nearly all “ran-
dom” on the assumption that material in this size range
and finer was not effectively fractionated in the cyclone. In
the progressively coarser fractions the percentage of “ran-
dom” sample decreases and the percentage of “design”
sample correspondingly increases.

The final make-up of the cyclone overflow is determined
by the combined effects shown in Figures 6 and 12, In pro-
gressively coarser sizes, from 500 to 100 mesh, the total
recovery of middlings drops from over 50% to less than 5%
(Figure 6), and the relative percentage of “design” midd-
lings compared to normal middlings increases from less than
10% to over 60%. The effect that this has on the final con-
centrate grade is shown in Figure 13 where the cobber con-
- centrate grade is plotted against the corresponding final
concentrate for two different operations, The fact that the
concentrate grades are much lower than the corresponding
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FIGURE 12. This figure shows the relative abundance of the “de-
sigr” sample in the cyclone overflow, as colculated from the
graic count data, as a function of the porticle sizxe. At sixzes
coarser than 150 mesh, the total recovery is so low that the
datc are not significant

feed material reflects the increased percentage of “design”
middlings in the coarser size fractions. The final concen-
trates contain both free magnetite and middlings in these
size fractions, and the “design” middlings have to be signifi-
cantly Jower grade than the analyses of the corresponding
size fractions of the final concentrate. All the “design” midd-
lings produced between 100 and 270 mesh fall in the 20 to
35% iron range which can be converted to about a 20%
volume percentage. When such particles are examined un-
der the microscope they obviously require grinding through
500 mesh for liberation. These “design” middlings represent
as much as 65% of the middlings which report in the cy-
clone overflow but they represent less than 10% of the
middlings in the cyclone feed. Therefore, the middlings that
reach the final concentrating stages represent a very small,
carefully selected fraction of the incoming middling popula-
tion which require extremely fine grinding for liberation. The
inference from such observations on the plant concentrates
that the ore requires grinding through 500 mesh for eflective
liberation is seriously in error. The middlings which are
observed in the plus 325-mesh size fractions are in large
part inherent in the process rather than in the ore and are
developed by selectively grinding the higher grade middlings
and free magnetite and thereby leaving a superabundance
of lean, “design” middlings in the cyclone overflow.

GRINDING PRACTICE RELATED TO THE
ABUNDANCE OF MIDDLINGS

There are actually two eflects involved in the accumu-
lation of a super-abundance of middlings in the final con-
centrate. The first effect involves the selective classification
in the cyclone, just described, that leads to the preferential
accumulation of “design” middlings with ultrafine magnetite
inclusions in the plus 325-mesh size fractions. The second

.effect is the ability of the combination of the ball mill and

cyclone in closed circuit to actually create a superabund-
ance of middling type particles.
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FIGURE 13, The iron contents of the feed (cobber concentrate)
and of the final concentrate in the torresponding size range
are shown for 2 taconite operations treating different ores.
The data show that it is possible to obtain lower-grade prod-
ucts in some size fractions from an ore that has distinctly
superior liberation characteristics, depending upon the man-
ner in which the grinding circuit is operated

The fact that this type of circuit is capable of creating
a “false” middling problem is illustrated in Figure 13. The
figure shows the iron analyses by size fraction for the cob-
ber concentrates and the final concentrates from two plants,
A and B. Each plant grinds to about 90% minus 325 mesh
and their flowsheets are essentially parallel. The difference
in the iron analyses of the cobber concentrates shows that
the plants are treating two ores with distinctly different lib-
eration characteristics, i.e., the cobber concentrates from
Plant A averaue about 3 hicher in iron content. The in-
dividual size fractions, particularly at 200/270 and at 270/
325 mesh, show some striking anomalies:

Plant A
% Fe Cobber *; Fe Final

Mesh Concentrate Concentrate Difference
2007270 e 62.1 41.9 —20.2
270/325 ... ... 646 377 - 6.9

Plant B
200/270 .. 46.2 — 9.6
270,325 37.1 - 1.3

The negative differential between the final plant concen-
trate and the incoming material is significantly ¢reater for
Plant A than Plant B, despite the fact that the feed to Plant
A contains about 6.2% more iron and has a correspondingly
lower original middling content. Plant A is producing lower
grade middling particles and a lower ¢grade final concentrate
in some size fractions from an ore that by all normal tests

and criteria should have much superior concentrating char-
acteristics. Microscopic examinations of the concentrates from
each plant show a superabundance of particles requiring a
500-mesh grind for liberation. The fact that the treatment of
two distinctly different ores produces an equivalent, or even
inferior product in the upper size fractions from the ore with
the better liberation characteristics can only reflect a con-
dition -inherent in the process itself.

The ability of the process to produce a lower, or equiva-
lent grade, final concentrate from higher grade starting ma-
terial, as illustrated in Figure 13, can be explained by the
cyclone operation. If the cyclone is operated to give a sharp
split, i.e., to maximize the percentage of 200/270 and 270/
325-mesh material, and to minimize the percentage of
coarse oversize material, then it makes a less efficient se-
paration in these size ranges. This is shown by comparing
the size distribution and weight recovery for each fraction
of the cyclone overflow from Plants A and B below:

Cyclone Overflow

Plant A Plant B
Mesh S Wt% Wt Rec% Mesh Wt WtRec %
+130 ... 2.3 0.8 1.8
+300 2.9 1.9 3.5
+27 4.2 6.1 8.9
+325 20.5 5.3 29.6
—325 ... 64.0 85.9 60.0

The cyclone operation in Plant A is making a closer split
and is producing a greater percentage of 270/325-mesh ma-
terial, compared to the percentage of 200/270-mesh ma-
terial, than Plant B. Using the figures given it is possible to
compare the relative amounts of 200/270 and 270/325-mesh
material required in the cyclone feed to produce an equiva-
lent amount of cyclone overflow,

Pounds of cyclone feed required to produce 100 pounds
of cyclone overflow in ¢ach size fraction

Mesh Plant A Plant B
200/270 . 2380 1120
370/325 . 488 338

These figures show that Plant A requires twice as much
200/270-mesh material in the cyclone feed as Plant B to
produce the same amount of 200/270-mesh material in the
overHow. The reason that this is the case is because the
cyclone overflow consists of both the “random” and “design”
type of sample. The relative percentage of each for a given
size fraction is determined by the operating characteristics
of the cyclone. However, the feed only contains a limited
number of “design” particles which reflect its basic libera-
tion characteristics; the number of such particles is lower
for Plant A than for Plant B. Consequently Plant A must
present a greater percentage of each of these given size
fractions to the cyclone to produce the same overall 86%
minus 325 mesh in the overflow. While the operator con-
centrates on adjusting all of the available parameters in the
grinding-cyclone circuit to achieve a grind specified as
some percentage passing a nominal screen size, a more
damaging accommodation is reached between the cyclone
and the ball mill that dictates the number, and type, of
middling particles that appear in the cyclone overflow that
has little relation to the nature of the primary feed ma-
terial,
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CONCLUSIONS

The use of a cyclone in closed circuit with a ball mill
results in the creation of a coarse middling and silica prob-
lem in the final concentrates. The problem is far more
serious than the simple effect that would be produced by
selectively over-grinding coarse magnetitc and thereby pro-
ducing an over-abundance of normal middling type par-
ticles. The process actually manufactures an excess of par-
ticles in the potential middling size range and then selec-
tively extracts an especially refractory type of particle that
requires grinding through 500-mesh and even finer for ef-
fective liberation. The middlings produced and recovered
in the coarser 10 to 15% of final concentrates, which carry
as much as 50% of the total silica in the final concentrates.
are in large part synthesized by the process itself. They will
be produced regardless of the grind at 90% passing 200
mesh or at 90% passing 500 mesh. Their relative importance
increases with progressively finer grinds because they repre-
sent an ever increasing percentage of the total silica prob-

~lem.

The middling problem can be avoided by replacing the
cyclones in the ball mill circuit with a screen. The screens
are separating largely on the basis of size, there is but little
gravity effect, and the circuit is no longer manufacturing
the particularly refractory middling particles associated with
the cyclone. The effectiveness of such an approach was
illustrated in a recent paper’ in which equivalent concen-
trate grades were obtained with a screen in the gircuit at
82% minus 325 mesh, compared with the normally re-
quired 90% minus 325 mesh. The explanation offered was
that this was due to a gravity effect on the screen, how-
ever; the foregoing analyses and discussion indicate that
it is far more likely that the major positive eflect was due
to the fact that middlings were no longer being manufac-
tured in the circuit.

The other factor which makes it more desirable to place
screens in the ball mill circuit is the fact that it is not nec-

essary to attempt a separation at 325 mesh; the effective
size of separation can be significantly coarser and still main-
tain equivalent grade in the final concentrate. The use of
the screen in this capacity takes advantage of the natural
liberation characteristics of the ore, and the wide grade
differential between the coarse size fractions in the concen-
trate and in the cobber concentrate disappears. The use of
screens on the final concentrate, or flotation, to segregate
the coarse silica-rich fractions for additional grinding may
be expedient in some instances. However, the basic prob-
lem stems from the creation of middlings in the grinding
circuit, and this is where screening has by far ity greatest
potential.

The complexity of the concentration problems associated
with magnetic taconites requires that the inherent libera-
tion characteristics of the ore be exploited as efficiently as
possible. The use of the cyclone in the grinding circuit has
tended to bury the natural liberation characteristics of the
taconite in a synthesized middling problem. Redesigning the
circuit to bring free magnetite grains (Figures 4a and 5a)
down into the final concentrating circuit rather than the
synthesized middling population (Figures 4b and 5b) has
so many obvious potential advantages that they do not need
renumeration here. Although it is clear that screening in
the ball mill circuit will minimize the tendency to create
middlings in the grinding circuit, it is possible that equiva-
lent results can be obtaned without recourse to screening

by a judicious modification of the classification system.
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ABSTRACT

Simple changes to cyclone spigot design have given improved cyclone
performance. At Mt Newman Mining the use of these spigots has allowed the
capacity of a dewatering circuit to be increased by over 30%. The spigots are
simple, inexpensive and require no operator adjustment. They are suitable for
use in both dewatering and sizing circuits.

1.0 INTRODUCTION

The Mt Newman Mining Beneficiation Plant uses a cambination of WEMOD drums, DSM
heavy medium cyclones and Reichert cones to produce saleable products from low
grade iron ores. Hydrcyclones are used in a number of locations in the plant
for sizing and dewatering purposes.

The plant was built using conventional Krebs and AKW cyclones fitted with
conventional spigots.

There were a number of locations in the plant where improved cyclone
performance had the potential to increase profitability. The Mt Newman cyclone
development programme has concentrated on improving spigot performance in the
Reichert cones plant.

2.0 THHRY

The development of a new cyclane spigot started when production was being
affected by a dewatering screen that was not working properly because the
cyclaone feeding the screen was putting too much water onto the screen. The
question asked was "Why do conventional cyclones send so much water to
underflow?". Once this question was answered it was possible to develop a new
spigot design hereafter referred to as the JD spigot.

VORTEX FINDER

2.1 Conventional Spigots
Fig. 2.1 shows the cross section of FEED INLEY
a cyclone with a conventional spigot FEED —o
operating on water only. The air
core ontracts at the spigot end of
the cyclane. The main reason for
this is the reduction in the average
angular velocity of the liguid as it
moves towards the spigot end of the

AR CORE
SURFACE

cyclone.

Ath CORE DIAMETER /\
Thin layers of liquid slow down seoucesouETO
faster than thick layers. For this W COMR SUREACE
reason conventional cyclones wait )
operating in the vertical position N—

will always discharge same liquid
fram the spigot - no matter how
small the sPlgOt dimter. is. CONVENTIONAL SPIGOY

WATER DISCHARGES
FROM SPIGOT

e

FIGURE 2,1

CLONE WITH CONVENTIONAL
SPIGOT

T
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2:2_A New Spigol Design - The JD Spigot SSHEMATIC OPERATION OF A
CYCLONE WiTH A

Fig. 2.2 shows the cross section of a cyclone 40 SPIGOT

fitted with a small JD spigot. The key e rees

feature of the JD spigot is that, unlike

conventional spigots, the included angle is FEED INLET |

greater than 180° . Fig. 2.2 shows that the FEED. — e

design allows thin layers of liquid to be

avoided. This means that nothing will

discharge fram a small spigot when the

cyclone is nunning on water only.

AR CORE
~ 7 SURFACE

When the cyclone is operated on a slurry,
coarse particles accumlate at the spigot
end. As a result, slurry visocosity at the
spigot increases, angular velocity drops and
the air core contracts. Slurry discharges STAVE AWAY FROM
fram the spigot once the critical viscosity ~— SYOtONE wau

has been reached.

If larger JD spigots are used same liquid
will discharge at all times. However, the

quantity will be less than that for o sHeoY—

conventional spigots of the same diameter. N0 DISCHARGE
This is because the effect of wall friction WHILE RUNKING
on angular velocity will be lower for JD -

spigots, i.e., air core diameter will be

greater. -

The effect of JD spigots on sizing efficiency is more difficult to predict.
Reducing the percentage of water reporting to underflow must help sizing
efficiency. However, the thicker slurry layers and different flow patterns at
the bottam of the cyclone may have a detrimental affect on the separation of
near size materijal.

3.0 MT NEWMAN MINING OONES PRODUCT DEWATERING CIRCUIT

The cones product dewatering screens used to be the bottleneck at the Mt Newman
Mining Iron Ore Beneficiation Plant. At high tonnages water would pour off the
end of the screens. The feed to these screens came fram 3 x 300mm AKW cyclones
fitted with conventional 78mm spigots.

Both a Linatex fishtail and JD spigots were trialled in an attempt to overcome
this problem. The Linatex fishtail gave slightly thicker underflows that the
JD spigot. (Average underflow moistures of 22.3% vs 23.5% by weight% during
trials. The conventional spigot product had moistures in excess of 30%).
Despite these results it was decided to persist with JD spigots because they
were so much easier to use. The Linatex fishtail required extra pipework for
siphoning and was difficult to tune properly. In practice the fishtail had to
be run at less than the optimum setting to avoid the risk of cyclone bogging.

The JD spigots had a dramatic effect on plant capacity. The dewatering screen
discharge moisture is 16%, i.e., the JD spigots had reduced by more than 40%
the amount of water that the dewatering screens had to remove per tonne of
product. When the cyclones were fitted with 85mm JD spigots, spigot capacity
had become the plant bottleneck.

Further tests were run with larger diameter spigots. Water running off the end
of the screen only re-appeared as a limiting factor when 100mm JD spigots were
used. 95mm spigots are the cwrrent standard. 95mm spigots give underflow
moistures below 25% under normal operating conditions. The 100mm spigots were
still giving mach better results than conventional 78mm spigots. Vortex finder
diameter is anly 110mm.

4.0 mmmmm

Two nests of 300mm AKW cyclones with 48mm conventional spigots are used to
separate -63 micron reject slimes fram Reichert cone feed. Underflow pulp
density has been found to be less than optimmm for Reichert cone operation.

The desliming cyclone circuit allowed timed samples to be taken of cyclone
underflow and samewhat less than perfect samples to be taken of cyclone feed
and overtliow.
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4.1 Dewatering Perfarmance

Fig. 4.1 shows the relationship between wt% solids in cyclone underflow and tph
solids to underflow. The graphs show that JD spigots give higher underflow
pulp densities. Even the 55mm JD spigot was still giving much better results
than a 48mn conventional spigot. The graphs also show that JD spigot underflow
pulp density is less affected by spigot loading than it is for conventional
spigots. This is an attractive feature for situations like ours where a
consistent feed pulp density is desirable.

FIGURE 4.1
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4.2 Sizing Perfarmance

The testwork gave enough information to allow rough partition curves to be
drawn. Figs 4.2 and 4.3 plot D50 and the ATICHE sharprness index (D25/D75)
against tph solids to underflow.

Fig. 4.2 shows that D50 is coarser FIGURE 4.3

for cyclones fitted with JD . D25/D75 vs TONNAGE
spigots. This is in line with ’ T T )
expectations. The JD spigot 0.9

ramoves oversize fram a point 0.8 }

higher in the cyclone. JD spigots
are also expected to increase the
average pulp density of material in 0.6

0.7t

the cyclone. ~ 0.5

2 JDSS ]
Fig. 4.3 shows that the testwork & °*T
was not precise enocugh to determine © ©°3f o 47.5mm |
whether JD or conventional spigots 0.2 f % upso ]
give the best separation of 04 } 0 JID5S
particles near the size of S L
separation. 3 4 5 6 7 8 9 10 11 12 13 14 15

T.P.H. TO UNDERFLOW

5.0 WEAR RATES

Initial tests using 85mm JD spigots in the Mt Newman Mining cones dewatering
cyclones showed that the JD spigots lasted for 9 months campared with 6 months
for 78mm canventional spigots. The reason for this surprising result was
considered to be that the theory of JD spigots operation implies lower
velocities in the spigot region. Spigot life was lower for larger JD spigots
because of higher tonnages and high velocities near the spigot. JD 100mm
spigots last about 9 weeks.

JD spigots did cause higher wear rates at the bottam of the cyclone conical
section. A distinct groove was found to form there. This problem arises
because the JD spigot prevent all solids discharging when feed goes off. JD
spigots will also tend to retain very coarse particles in the lower cone
region. Conventional spigots simply discharge very coarse particles as soon as
they reach the spigot. The wear rates were not high enough to be a significant
problem.




6.0 QPERATING ONSIDERATIONS
No special pipework or adjustments are required to use JD spigots. Because

there is less variation in underflow pulp density JD spigots may remove the
necessity for adjustable spigots in same circumstances.

7.0 ONCLIISIONS

Experience at the Mt Newman Beneficiation Plant has shown that JD spigots
provide a very simple way of improvirg cyclone dewatering performance. The
results of plant testwork were not precise enough to determine whether JD or
oconventional spigots gave the best separation of particles near the size of
separation. The differences appear to be too small to be a significant factor
in cyclone selection.

JD spigots do increase the size of separation. Changes to cyclane length or
geametry may be required if this is a problem.
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